Introduction
Methods 149 Insect strains and maintenance 150 D. melanogaster Canton-S flies with and without Spiroplasma MSRO-infected Red 42 were 151 used. MSRO-infected Red 42 were originally collected in Brazil in 1997 and maintained in 152 the lab in a Canton-S background in parallel to Canton-S control stock lacking Spiroplasma, 153 from which males were derived each generation for MSRO line maintenance (Montenegro et 154 al. 2000) . These stocks both carried Wolbachia strain wmelCS, which occurs naturally and 155 does not affect protection (Xie et al. 2014) . It should be noted that all larvae from the 156 Spiroplasma infected treatments are female due to the high efficiency of male-killing. recipe (above) with the exception of the quantity and concentration of Nipagin added (5 mL 174 50% w/v / 1 L of medium), to ensure the concentration of ethanol in the experimental vials 175 was close to 0% and 6%. To prevent the evaporation of ethanol during the process, 200 mL 176 of food was dispensed into 250 mL Duran bottles and allowed to cool to 45°C before 12 mL 177 of 100% ethanol was added to the ethanol treatment bottles and homogenised. 6 mL of food 178 was then dispensed into standard Drosophila vials and instantly covered with Parafilm to 179 prevent ethanol evaporation before experimental larvae were transferred into the vials. were aged to at least ten days prior to egg laying. Flies were allowed to mate in cages and 183 lay eggs on a grape Petri dish painted with live yeast for 24 h. Grape Petri dishes were 184 incubated for a further 24 h to allow larvae to hatch. First instar larvae were picked from 185 the grape plate into the experimental vials at 30 larvae per vial. Eight treatments were 186 formed per wasp strain with approximately 10-15 replicate vials per treatment (1) Lh-S-187 EtOH-, (2) Lh-S-EtOH+, (3) Lh-S+ EtOH-, (4) Lh-S+ EtOH+, (5) Lh+ S-EtOH-, (6) 188 Lh+ S-EtOH+, (7) Lh+ S+ EtOH-, (8) Lh+ S+ EtOH+. Five experienced female wasps 189 and three male wasps were transferred into the wasp treatment vials. Flugs were used to 190 bung vials to reduce ethanol evaporation. Adult wasps were allowed to parasitise for 2 191 days before being removed. All vials were maintained at 25°C on a 12:12 light:dark cycle.
192
For each vial, the number of pupae, emerging flies and emerging wasps were recorded.
193

Measuring fertility 194
To determine the degree to which survivors of wasp attack were impacted by wasp attack, the 195 average daily emerged offspring of Spiroplasma infected survivors ("Exposed") and 
284
The presence of ethanol had a weak, albeit significant positive effect on fly larva-adult 285 survival in the presence of wasps (P < 0.01; Fig. 1 ). However, the effect of ethanol differed 286 between the strains of attacking L. heterotoma, which was reflected in a significant 287 interaction between ethanol and wasp strain (P < 0.05). Specifically, the presence of ethanol 288 in the absence of Spiroplasma reduces fly larva-to-adult survival against the Lh14 L. 289 heterotoma strain from 0.45% to 0.22%, yet slightly increases fly larva-to-adult survival 290 against the Lh-Fr strain from 0.89% to 3.33% and the Lh-Mad strain from 0.33% to 1.33%.
291
There was also a significant interaction between Spiroplasma and ethanol (P < 0.001; Fig. 1) , 292 with the presence of ethanol reducing the effect of Spiroplasma-mediated fly larva-to-adult 293 survival across all three wasp strains (% decrease; Lh-Fr = 22%, Lh14 = 78%, Lh-Mad = 16%). The interaction between Spiroplasma, wasp strain and ethanol was not found to be 295 significant.
296
Wasp success was strongly negatively affected by fly Spiroplasma infection, with the 297 presence of Spiroplasma completely preventing the emergence of wasps across all L. 298 heterotoma strains in both the presence and absence of ethanol. In the absence of 299 Spiroplasma, the presence of ethanol had a significantly negative effect on wasp success (P < 300 0.001; Fig. 1 ). However, the effect of ethanol depended on the strain of attacking L. 301 heterotoma, reflected in a significant interaction between ethanol and wasp strain (P = 0.014).
302
Ethanol reduced wasp success by 40%, 21%, and 60% across the Lh-Fr, Lh14 and Lh-Mad 303 strains respectively. Wasp success was also significantly affected by the strain of wasp (P < 304 0.001). There was no significant interaction between ethanol and Spiroplasma, Spiroplasma 305 and wasp strain, nor a significant 3-way interaction on wasp success. survived wasp attack were observed to have reduced fertility, measured as the proportion of 325 females able to produce progeny (Fig. 2) .
326
For attack with the Lh-Fr strain of wasp, there was a significant effect of wasp attack on the 327 proportion of flies which were found to be fertile (P < 0.001; Fig. 2 ). The proportion of D. 328 melanogaster considered fertile following wasp-attack was reduced by 55% compared to 329 control non-attacked D. melanogaster. There was no significant effect of ethanol (P = 0.167), 330 nor a significant interaction between ethanol and wasp attack (P = 0.117).
331
For attack with the Lh-Mad strain, there was a significant effect of wasp attack on the 332 proportion of flies found to be fertile (P < 0.001; Fig. 2 ). The proportion of D. melanogaster 333 considered fertile following wasp-attack was reduced by 46% compared to control non-334 attacked D. melanogaster. There was no significant effect of ethanol (P = 0.083), nor a 335 significant interaction between ethanol and wasp attack (P = 0.987). 
Number of daughters produced
In both cases, Spiroplasma-infected individuals that survived wasp attack and were fertile 349 were observed to produce fewer daughters compared to fertile, unattacked controls (Fig. 3) .
350
For attack with the Lh-Fr strain, wasp attack significantly reduced the average number of 351 daughters produced with protected wasp attacked D. melanogaster averaging ~39% fewer 352 than control unattacked D. melanogaster (Mean ± SE = 10.6 ± 1.44 daughters for attacked 353 flies vs. 17.5 ± 0.969 daughters for control flies; P < 0.001; Fig. 3 ). There was no significant 354 effect of ethanol (P = 0.067), nor a significant interaction between ethanol and wasp attack 355 (P = 0.190).
356
For attack with the Lh-Mad strain, wasp attack also significantly reduced the average 357 number of daughters produced with wasp attacked protected D. melanogaster averaging 358 ~45% fewer than control D. melanogaster (Mean ± SE = 6.11 ± 0.832 daughters for attacked 359 flies vs. 11.0 ± 0.521 daughters for control flies; P < 0.001; Fig. 3 ). There was no significant 
Fig. 3:
The average number of daughters produced by fertile Spiroplasma-infected female Drosophila melanogaster exposed to Leptopilina heterotoma (Lh-Fr and Lh-Mad strain) and unexposed controls developed through 0% and 6% ethanol medium. The box plots display the upper and lower quartiles, the median and the range. Points represent each measurement obtained. Lh-Fr strain: 39 wasp-attacked (0% EtOH n=24 and 6% EtOH n=15) and 79 nonwasp attacked (0% EtOH n=38 and 6% EtOH n=41); Lh-Mad strain: 41 wasp-attacked (0% EtOH n=15 and 6% EtOH n=26) and 78 non-wasp attacked (0% EtOH n=36 and 6% EtOH n=42).
Fig. 4:
The wing area (mm 2 ) of Spiroplasma-infected female Drosophila melanogaster exposed to Leptopilina heterotoma (Lh-Fr and Lh-Mad strain) and unexposed controls developed through 0% and 6% ethanol medium. The box plots display the upper and lower quartiles, the median and the range. Points represent each measurement obtained. Lh-Fr: 89 wasp-attacked (0% EtOH n=60 and 6% EtOH n=29) and 110 non-wasp attacked (0% EtOH n=60 and 6% EtOH n=50); Lh-Mad strain: 66 wasp-attacked (0% EtOH n=36 and 6% EtOH n=30) and 99 non-wasp attacked (0% EtOH n=50 and 6% EtOH n=49). 
